Several reinforced plastic laminates that show promise of having good strength properties at elevated temperature are being evaluated to determine their strength and elastic properties. Flexure, tension, compression, interlaminar shear, and bearing tests parallel to the warp direction are made to determine the effects of high temperature and duration of exposure on the strength properties. Tension tests at 45" to the warp direction are made to obtain data from which edgewise shear strength can be calculated. Creep and stress-rupture data are obtained under both tension and compression loads. In addition to strength properties, data are obtained on weight loss of the laminated material during exposure.
The test methods used in this study are described in these references, and the apparatus used are described in the appendix of ASD Technical Report 61-482 (5).^-IV. PRESENTATION OF DATA Table 1 presents the results of preliminary quality tests of these laminates.
The specimens were cut and tested so that the fiber stress was applied parallel to the warp direction of the fabric. Flexure specimens were 1/8 inch thick by 1 inch wide by 4 inches long, and compression specimens were 1/8 inch thick by 3/4 inch wide by 3-1/8 inches long with a l/2-inchwide net section. Compression specimens were laterally supported and loaded at a rate of head motion of 0,007 inch per minute, so that loaddeformation data could be obtained. Each value shown for flexure and compression is the average of five specimens.
-However, the Aircraft Research Technical Committee has a method No. 11 that was used. 2 -Underlined numbers in parentheses refer to literature listed under "References" at the end of this report.
Tables 2 through 9 present the results of tests to determine the effects of different elevated temperatures for various periods of exposure on properties of this material. Strength properties shown for each specific temperature are based on tests of specimens that were both soaked and tested at that temperature. All data, except in Tables 4 and 7 , indicate properties after exposure of specimens in the unstressed state. Tables 4 and 7 present stress-rupture and creep data that were obtained from specimens exposed in the stressed state. After some of the unstressed soak periods, strength properties could not be measured or were zero. Unless otherwise noted, each value in the tables, except in Tables 4 and  7 , is the average of five specimens. Values in Tables 4 and 7 are from individual specimens unless otherwise noted.
Figures 1 through 17 show the effects of soak periods at elevated temperatures on the various properties. Data were plotted from the tables. Smooth curves have been drawn to approximate the plotted points. The symbol < , meaning less than., is used in conjunction with the plotted points at zero strength. Data so indicated are from specimens that had become so weakened that they fell apart during handling at the indicated exposure period. Obviously, the strength or stiffness was nil at some soak period less than that indicated but the exact time of zero strength is unknown.
The relative amount of creep at various stress levels for three temperatures is shown in Figures 8 and 13 , based on data in Tables 4 and 7 , At each stress level, a short horizontal line shows the creep that occurred from the time of initial loading until the specimen failed or ■ was removed from the creep machine. The creep line at individual stress levels is shown beginning at an "average" stress-strain curve obtained from strength tests loaded to failure in about 3 minutes, and ending -when the specimen failed or the test terminated at 1,000 hours.
Figures 16 and 17 present curves that summarize the effect of temperature on five mechanical properties after exposure for 1/2 and 100 hours. All strengths are shown as percentages of their respective room-temperature values. The curves are based on values from other strength-time plots in this report.
V. DISCUSSION OF RESULTS
Preliminary quality tests (Table l) of this epoxy resin laminate reinforced with 181-Al 100 glass fabric showed results that were generally in agreement with MIL-R-9300A requirements. On the basis of this sampling, the following comprehensive evaluation was made:
Weight Loss
Deterioration due to continued exposure to elevated temperatures was measured through the loss of weight by the flexure specimens during their respective exposure periods (Table 2) . Weights retained are shown as percent of initial weight in Figure 1 for various temperatures and periods of exposure at these elevated temperatures. The data show that at 300° and 400° F, for exposures of from 1/6 hour to 1,000 hours, the specimens lost from 1 to 6 percent of their weight. Increases in temperature above 400° F., which was the postcure temperature, reduced weight retention at all periods of exposure and, of course, there was further reduction in weight retention with increases in duration of exposure. Rapid weight losses were experienced above 400° F, It appears as though rapid losses occurred at temperature and exposure conditions that cause losses greater than 10 percent.
Flexure Test Results
The results of flexure tests, as presented in Table 2 and Figures 2, 3, and 4, show the effect of time and temperature on the modulus of rupture and the modulus of elasticity, and the effect of weight loss on strength at various temperatures and periods of exposure. At constant temperatures of 300° and 400'' F., the strength-exposure curves (Fig. 2) show strength losses with the first application of heat (0. 17 hour duration), and then increase in strength with increases in duration of exposure until a maximum is reached. At constant temperatures of 500° to 700° F., the strength dropped rapidly in the first 1/6 hour, remained relatively constant for various periods, and then dropped to zero. At temperatures above 700° F., all strength is lost within 1 hour of exposure. The flexural modulus of elasticity at various exposures ( Fig. 3 ) has about the same pattern as that for modulus of rupture.
Since weight loss determinations in this series of tests were made on flexure specimens, the data could provide a direct comparison of flexural strength with weight loss. Such a comparison was attempted in Figure 4 . The envelope of values, that usually converges to zero at some resin content, is not well defined because the values at 600° F. have a wide range. However, a trend does exist which shows that high strengths occur when weight loss is small and vice versa.
Tension Test Results
The results of tension tests, presented in Tables 3, 4 , and 5 and Figures 5 through 9, show the effects of exposure on several properties.
The results of tension tests at 0° to warp (Tables 3 and 4 and Figs. 5, 6, 7, and 8) show the detrimental effects of time and temperature on strength and elongation in a direction of loading where the glass fibers play a major role. Figure 6 , for example, shows relative strength values higher than those shown for flexure (Fig. 2) . Rapid heating to 700° F, , with only 0,05 hour soak, causes strength reductions of less than 20 percent of the control strength. Strength-exposure curves (Fig, 5) show nearly constant values for temperatures from 300° to 800° F. for a range in time of exposure. The strength level of this plateau is greater than 80 percent of the control strength, and the extent of the plateau at temperatures between 400° and 700° F. depends upon the time of exposure. During periods of exposure beyond the limits of the plateau, the strength declines rapidly. Some tensile strength is available for short periods of exposure up to 1,000° F., -whereas other mechanical strengths, that ■ will be shown later, are nil at temperatures above 700° F. The tensile modulus of elasticity (Fig. 6 ) is also nearly a constant value between 2-3/4 and 3 million pounds per square inch at temperatures of 300°, 400°, and 500° F., except after 100 hours at 500° F, Temperatures above this exposure cause modulus values to be about 2 million pounds per square inch up to the time rapid degradation occurs.
The results of tension tests at 45° to -warp (Fig. 9) show the detrimental effects of time and temperature on strength in a direction of loading where shear stresses between fibers in the resin provide resistance to the tensile force. In this direction of loading, the detrimental effect of time and temperature is greater than that at 0 " tensile loading (Fig. 5) , and about equal to that in flexure (Fig. 2) . It can be shown that the edgewise shear strength is related to the tensile properties at 0° and 45° to the warp (5). Hence the effects of exposure shown by the 0° and 45° data are applicable to the effect of exposure on edgewise shear properties.
The results of tension tests at constant loads (Table 5, Figs. 7 and 8) show the effect of stress, temperature, and time on strength and creep. The effects of temperature and time previously discussed were obtained on unstressed specimens that were loaded to failure after exposure, but the creep and stress-rupture tests provided data on specimens that were loaded to a constant stress during exposure. Creep specimens tested at elevated temperatures were heated at their respective temperatures for 1/2 hour before constant load was applied.
A comparison of the strength data obtained as a result of exposure in the unstressed as well as in the stressed condition is shown for three temperatures in Figure 7 . The stress-rupture data are represented by solid lines and the data for unstressed material, i.e. strength-exposure curves, by broken lines--the latter being transferred from Figure 5 . The stressrupture values at each temperature of exposure are lower, as expected, than the strength-exposure curves.
In analyzing the stress-rupture data at elevated temperatures, the tensile strength of unstressed material must be taken into account, noting that the strength first decreased with application of heat and then increased with increases in exposure until degradation occurred. This phenomena causes the 300° and 500° F. stress-rupture curves to be flatter than the room temperature stress-rupture curve during the first two log-cycles of their length. When detrimental thermal degradation occurs, the curves decline rapidly. The decrease parallels the strength-exposure curve at the same temperature, but the decrease occurs after a shorter period of exposure, so that at equivalent stresses the duration of exposure is less for stressed specimens than for unstressed specimens.
Strain data were also observed during the stress-rupture tests. Strains observed at full load were about the same as those observed at the same stress when the material was loaded in the short-time tension test after 1/2-hour exposure to temperature. To eliminate unmeasured strains resulting from the heating and the original alignment of fixtures, only the creep data are presented in Table 4 and in Figure 8 . In Figure 8 , these creep values have been added to the average stress-strain curve for the material. The length of the creep lines in Figure 8 shows that at room temperature there is very little creep, but as the temperature increases to 500° F. , the amount of creep increases considerably.
Compression Test Results
The results of the compression tests, which were obtained by loading parallel to the warp direction of the laminate, are presented in Tables 6  and 7 and Figures 10 to 13. These data show the effects of exposure on specimens in both the stressed and unstressed condition. Figures 10 and  11 show the compressive strength and modulus of elasticity of specimens after exposure to various temperatures for various soak periods in the unstressed condition. Rapid heating and soaking for only the duration of the load causes an initial drop in strength at all temperatures. After this initial soak period of only 0,05 hour, the strength-exposure curve at 300° F. increases with increases in time, but the curves at other temperatures remain constant with time until permanent degradation occurs. Figure 12 shows the effect of exposure on compressive strength in the stressed condition. The stress-rupture data in this figure are compared with the strength-exposure data. These stress-rupture curves are lower for each temperature than its respective strength-exposure curve, as was observed with tensile characteristics. The slope of the room temperature stress-rupture curve is greater than that for the 300° or 500" F. curves. At 300° F., the strength-exposure curves show a strengthening with exposure, and at the same time degradation due to stress-rupture fatigue is occurring, so that the stress-rupture curve has little slope.
Strain data were also observed during the stress-rupture tests. Strains observed at full load were about the same as those observed at the same stress when the material was loaded in the short-time compressive test after 1/2-hour soak. To eliminate unmeasured strains during heating and alignment of fixtures, only the creep is presented in Table 7 and Figure 13 . These creep values, shown in Figure 13 , have been added to the average stress-strain curve for the material.
Intcrlaminar Shear Tests (Table 8) The tests for interlaminar shear strength show the effects of time and temperature in a plane where the reinforcing fibers play a minor role. In this test the resin strength predominates. Figure 14 shows a fairly uniform drop in strength at 1/2-hour exposure for increases in temperature to 700° F. Subsequent increase in soaking period at constant temperature does not have as great an affect.
Maximum Bearing Stress
The tests for maximum bearing stress that this material will sustain after exposure show the effects on a mechanical property that is a combination of tensile, compressive, and shear strengths. The results (Table 9) , however, do not indicate the effects tobe cumulative. The magnitude and pattern of the strength-exposure curves (Fig. 15) is similar to that exhibited by the other mechanical tests.
VI. SUMMARY OF RESULTS
In general, the exposure of the glass-reinforced plastic laminates to elevated temperatures less than 1,000° F, eventually reduces the strength to zero. The data and curves indicate the strength available for use at various temperatures and soak periods.
The amount of available strength varies with the property evaluated, period of exposure, and temperature of exposure. Available strengths are summarized for five mechanical tests after 1/2 and 100 hours of exposure in Figures 16 and 17 , The curves in Figure 16 show that tensile strength in excess of 75 percent of room temperature value is available through 700° F., whereas all other strengths are almost nil at 700" F.,-the latter having decreased uniformly from room temperature. Figure 17 shows the strengths retained after 100 hours. The pattern of tensile strength has changed considerably, but others have not changed as much.
In general, the test data and curves presented in this report show that strength drops with the first application of heat. The tensile strength was affected the least and the compressive strength the most. After the first strength loss, the material was relatively stable with increasing soak time until permanent deterioration occurred.
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